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ttierefor 



(57) A method and apparatus for the encapsulation 
of biologically active agents in red blood cells (RBCs) is 
disclosed. The method is characterized in that lysed 
and partially lysed RBCs are concentrated prior to the 
introduction of the biologically active agent. The result- 
ant carrier RBCs are stable for an extended period of 
time under physiological corxJitions and can be used for 
the systemic or targeted delivery of therapeutically 
effective amounts of one or more biologically active 
agents to a patient. 
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Description 

Field of the Invention 

The present invention relates to a method for the 
incorporation of biologically active agents into red blood 
cells. 

Background of the Invention 

Much effort has been recently focused on the devel- 
opment of procedures for the targeted delivery of phar- 
maceutical agents to specific sites in a patient. It is 
known that drug efficacy can be increased when the 
appropriate target site is efficiently reached, and drug 
toxicity can be reduced when the total amount of drug 
administered is minimized. The interest in drug delivery 
systems applies both to conventional agents, many of 
which are relatively simple organic molecules, as well 
as to more complex agents such as oligopeptides, pro- 
t ins and nucleic acids, etc. One area of recent interest 
relates to the use of red blood cells (hereafter erythro- 
cyt s and RBCs } to deliver therapeutic dosages of 
drugs to a target site in a patient. Erythrocytes can be 
"loaded" with biologically active agents by a process in 
which the cell membranes of the erythrocytes are lysed 
and one or more agents is added to the erythrocytes, 
followed by resealing of the cell membranes. Such 
"loaded" or "carrier" erythrocytes offer a number of 
advantages as drug delivery and targeting systems 
because they are biodegradable, can be maintained in 
the circulatory system for long periods of time, and can 
be targeted to selected cells such as, for example, mac- 
rophages. However, although the use of erythrocytes as 
drug delivery systems has been investigated by many, 
the method has not yet developed to the point where it 
can be applied routinely in a dinical setting. 

Processes for the preparation of a suspension of 
loaded cells in a physiological solution are disclosed in 
German Patent No. 23 26 244 and in German published 
Patent Application Nos. (OS) 23 26 161 and 24 95 1 19, 
in which the erytiirocyte cell membranes are lysed by 
either osmotic pressure or an electrical field, respec- 
tively. 

U.S. Patent No. 4.224.313. (Zimmermann et aL). 
discloses a method for preparing a mass of loaded cells 
suspended in a solution by increasing the permeability 
of the cell membranes via externally induced osmotic 
pressure or an electric field, or both. The material to be 
loaded includes a pharmaceutical agent having a capa- 
bility, when incorporated in a cell, of prematurely 
destroying cell membranes, and a stabilizing agent 
capable of inhibiting the reaction of the pharmaceutical 
agent with the cell membranes. 

U.S. Patent No. 4,269.826, (Zimmermann et al.), 
discloses a method for incorporating magnetic sub- 
stances within loaded cells that can be localized to a 
specific part of a living body by application of an exter- 



nal magnetic field. 

U.S. Patent No. 4,289,756. (Zimmermann et al.), 
discloses a method for preferentially accumulating 
loaded cells within the spleen and liver of a living body. 

5 US. Patent No. 4.478,824. (Franco et al.). dis- 

closes a method for incorporating substances into 
erythrocytes by changing the internal osmotic pressure 
of RBCs by tiie action of chemical agents, such as 
DMSO and glycerol, that can pass tiirough the cell 
10 membrane and enter cells by diffusion. 

US. Patent No. 4.652,449, (Ropars et al.), dis- 
closes a method arxJ apparatus for incorporating mate- 
rials into erythrocytes using osmotic pressure. The 
method and apparatus have been used and tested only 

15 with large volumes of blood, which limits many applica- 
tions to tiie use of homologous blood, i.e., blood pooled 
from many individual sources. U.S. Patent No. 
4.931,276, (Franco et al.). discloses a method for tiie 
encapsulation of non-ionic agents witiiin erytiirocytes. 

20 The method is of limited effectiveness where tiie 
desired agerrt to be incorporated is not anionic, or is ani- 
onic or polyanionic but is not present in the near-isot- 
onic aqueous medium in sufficient concentration to 
cause needed increases in cell permeability without cell 

25 destruction. 

Heubsch et al.. J. Cell. Physiol., 122:266-272 
(1985). demonsfrate tiiat cytoskeletal detachment 
occurs in osmotically swollen cells and that witii 
extreme changes in size, the bilayer membrane is 

30 released from a deformational constraint which is 
present urxler normal corxlrtions. 

Reviews of methods of incorporating substances 
into cells are presented by Franco et al. in Life Science 
32:2763-2768 (1983), Am. J. Hematol. 17:393-400 

35 (1 984). and J. Cell. Physiol. 1 29:221 -229 (1 986). 

Obiects and Summary of the Invention 

Despite the extensive work in the field of the 

40 present invention, there is still no method known in the 
prior art which provides for the introduction of one or 
nrrore biologically active agents into RBCs at acceptable 
physiological concenfratiorrs wHhout tiie dilution or loss 
of the endogenous contents of the erythrocytes. It is a 

45 primary object of the present invention to provide a 
metiiod which fulfills this need. That is. the method of 
the invention provides for the introduction of one or 
more biologically active agents (i.e.. drugs) into erythro- 
cytes at desirable physiological concentrations without 

50 the dilution or loss of a substantial portion of tiie cellular 
contents, which undesirably decreases the integrity, via- 
bility and longevity of canrier RBCs. 

More particularly, it is an object of the present 
invention to provide such a method using a small vol- 

55 ume of blood so that autologous carrier RBCs may be 
prepared for individual patients, and without the need 
for cooling of the blood at any stage of the process. 
It is a further object of the invention to provide car- 
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rier (i.e.. drug-loaded) erythrocytes that possess the 
ability to persist, and to release biologically active 
agents, under mammalian physiological conditions for a 
longer period of time than previously described carrier 
RBCs. Carrier RBCs made according to the present 
invention release their encapsulated biologically active 
agent(s) by diffusion out of the RBCs or by active trans- 
port across the erythrocyte cell membrane. 

it is a further object of the present invention to pro- 
vide an apparatus by which the method of the invention 
can efficiently and reproducibly carried out. More partic- 
ularly, it is an object of the presertt invention to provide 
an apparatus by which autologous carrier RBCs may be 
prepared from a small volume of blood from an IrKlivid- 
ual patient in a matter of hours. 

TTius. the invention relates to the incorporation of a 
wide variety of therapeutically useful biologically active 
agents into mammalian erythrocytes which could not 
previously be accomplished without unacceptable dilu- 
tion of the endogenous erythrocyte contents and/or the 
agent(s) to be irKX)rporated within the erythrocytes. 
More particularly the method of the present invention 
makes possible the introduction or incorporation of var- 
ious agents, including polypeptides, into erythrocytes. 
These and other biologically active agents may be 
encapsulated, either alone or in combination with other 
such agents, within erythrocytes that thus become car- 
rier erythrocytes for the agent(s). The carrier erythro- 
cytes are used to achieve a desired slow continuous 
delivery of the encapsulated biologically active agent(s) 
when the carrier erythrocytes are later Introduced into a 
mammal. Moreover, the irrvention provides for the rapid 
preparation of such carrier erythrocytes from relatively 
small samples of blood and thus allows for the prepara- 
tion of autologous carrier erythrocytes from an individ- 
ual patient. The method of the invention has particular 
utility when used with an apparatus as described herein. 

The above objects are achieved, in accordance 
with the present invention. In a method of introducing at 
least one desired agent into mammalian red blood celts 
(RBCs). which comprises concentrating lysed or par- 
tially lysed erythrocyte material before adding one or 
more biologically active agents to be encapsulated and 
which significantly Improves tiie encapsulation yield. 
Concentration of the lysed or partially lysed erythrocyte 
materia! can be achieved by a variety of means, includ- 
ing hemofiltration. which uses a high flux hemodlalyzer 
such as a hollow fiber dialyzer witii a high ultrafiltration 
rate. In a preferred embodiment, a disposable hemofil- 
ter cartridge is used as the concentrating means in the 
method of the invention. 

Brief Description of the Drawings 

FIG. 1 schematically shows one prefen^ed embodi- 
ment of the method of the invention. 

FIG. 2 is a schematic representation of one embod- 
iment of an apparatus useful for carrying out the method 



of the present invention. 

Detailed Description of the Invention 

5 The metiiod of the present invention provides for 
the introduction of at least one desired agent into mam- 
malian red blood cells. The method Involves concentrat- 
ing lysed or partially lysed erythrocyte material before 
adding one or more biologically active agents to b 

10 encapsulated and has been found to signrflcantly 
innprove the encapsulation yield. As used herein, 
"encapsulation yieW refers to the fraction of a biologi- 
cally active agent that is encapsulated within carrier 
RBCs, and is usually expressed as the percentage of 

IS encapsulated agent r^ative to the total amount of agent % 
added during the encapsulation process. The erythro- 
cyte material can be concentrated by a variety of 
means, including hemofiltration. which uses a high flux 
hemodlalyzer such as a hollow fiber dialyzer with a high 

20 ultrafiltration rate. In a preferred embodiment, a dispos- 
able hemofllter cartridge is used as the concentrating 
means in the method of the irrvention. 

As used herein, •'carrier RBCs** refers to erythro- 
cytes which encapsulate one or more biologically active 

25 agents. In some Instances, carrier RBCs containing an 
added biologically active agent are described herein 
with respect to the specific agent. For example, "d-21 P 
carrier RBCs" refers to erythrocytes that have b en 
lysed, loaded with the agent dexamethasone-21-phos- 

30 phate (d-21P). and release dexamethasone. Carrier 
RBCs for a variety of such agents, either alone or in 
combination, can be prepared by the method of th 
invention. 

As used herein, biologically active agents refers to 

35 materials capable of being encapsulated using the 
methods of the present Invention. These include, but 
are not limited to. peptides, oligopeptides, polypeptides, 
proteins, hormones, corticosteroids, glucocorticoids, 
non-steroidal anti-inflammatory agents, glutathion . 

40 cytokines, toxins, oligonucleotides and other nucleic 
adds, and nucleoside analogs that are well known as 
useful therapeutic agents. These include 6-mercaptop- 
urine (6-MP) or azathiopurine and fludarabine phos- 
phate, which are commonly used as 

45 immunosuppressants and inhibitors of malignant cell 
growth, and phosphorylated azidothymidine (AZT). 
dldeoxycytosine (ddC) and dideoxyinosine (ddl). which 
are useful as anti-viral agents, particularly in the treat- 
ment of AIDS. Can-ier RBCs made by the method of the 

50 present invention have the desirable attribute of 
enhanced integrity, viability and longevity under physio- 
logical conditions. 

The following abbreviations are used throughout: 

55 BS^ btssulfosuccinimidilsuberate 
d-21 P dexamethasone-21 -phosphate 
PIGPA Phosphate-lnosine-Glucose-Pyruvate-Ade- 
nine 
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RBCs red blood cell(s), erythrocytes 

CPD Sodium citrate dihydrate-Citric acid monohy- 

drate-Sodium phosphate monobasic bihy- 

drate-GIucose 

PBS^^ ^ phosphate buffered saline 5 

In one embodiment, the method of the present 
invention comprises collecting erythrocytes from an 
individual patient, concentrating the erythrocytes, wash- 
ing the erythrocytes with a first solution of a physiologi- 10 
cai saline, washing the erythrocytes with a second, 
hypotonic solution consisting of 6 volumes of a physio- 
logical saline solution and 4 volumes of distilled sterile 
H2O. diluting the erythrocytes with a solution consisting 
of 6 volumes of phosphate buffered saline (PBS) and 8 is 
volumes of distilled sterile HgO, concentrating of the 
erythrocytes in a hemof liter cartridge, adding the bioiog- 
icaily active agent or agents to be encapsulated, reseat- 
ing the erythrocytes by addition of a Phosphate-lnosine- 
Glucose-Pyruvate-Adenine (PIGPA) solution, incut>at- 20 
ing the resulting erythrocytes at about 37^C for atx3ut 30 
minutes, and washing the erythrocytes with a physiolog- 
ical saline solution. The PIGPA solution preferably com- 
prises about 33 mM NaH2P04; about 1.606 M KCI; 
about 0.194 M NaCI; about 0.1 M inosine; atx>ut 5 mM 25 
adenine; about 20 mM ATP; about 0.1 M glucose; ak>out 
0.1 M pyruvate; and about 4mM MgCl2. In a preferred 
embodiment, about 5 ml of the PIGPA solution is used 
for resealing a volume of atx)ut 70-90 ml of lysed eryth- 
rocytes. 30 

In order to prevent the erytiirocytes from coagulat- 
ing during the process, they may be optionally con- 
tacted with an anticoagulant during or subsequent to 
the collection step. One preferred anticoagulant solu- 
tion, referred to herein as CPD solution comprises 26.3 35 
g sodium citrate dihydrate, 3.3 g citric acid monohy- 
drate, 2.5 g sodium phosphate monobasic bihydrate^ 
and 23.2 g glucose in 1 liter of sterile water. 

More particularly, the method of the present inven- 
tion involves separating erytiirocytes from other blood 40 
cells and components, suspending the erytiirocytes in a 
first hypotonic solution at a concentration of about 0.04 
to about 0.05 ml of erythrocytes for each ml of the first 
solution (the volume and osmolality of the first solution 
being known or determined), lysing the erythrocytes by 45 
suspending them in a second hypotonic solution (having 
an osmolality that is about 30 to about 60 mOsm less 
than that of tiie first solution) to obtain a lysate. adjust- 
ing the concentration of the lysate so that its volume is 
about 0.1 to about 0.067 that of tiie volume of the first so 
solution, adding a biologically active agent to be encap- 
sulated to the lysate, and resealing the lysed RBCs by 
adding a concerrtrated saline solution to tiie lysate to 
adjust the osmolality of the lysate to a range of about 
1 .9 to about 2.1 times that of the first solution. ss 

Physiological saline (NaCI 0.9% wA/) may be substi- 
tuted for PBS. 



A preferred embodiment of tiie metiiod of the inven- 
tion is shown schematically In FIG. 1 . In FIG. 1 , erythro- 
cytes 10 are represented as a membrane 12 containing 
numerous small filled circles. The small filled circles are 
intended to represent biological molecules 14 endog- 
enous to unlysed RBCs. After the first hypotonic dilu- 
tion, it is seen that the erythrocytes 10 become swollen 
(schematically represented as 20). The swollen erythro- 
cytes 20 are exposed to a second hypotonic dilution, 
which causes them to become fully or partially lysed. 
The lysed or partially lysed erythrocytes 30 botii 
enclose, and are surrounded by biological molecules 
14 endogenous to unlysed RBCs. In the next step, the 
lysed or partially lysed erythrocytes 30 are then concen- 
trated in a henxjf ilter 40. The resulting lysed or partially 
lysed erythrocytes 30 are contacted with biologically 
active agents 50 represented by the large filled circles. 
In so doing, some of the biologically active agents 
become encapsulated within the erythrocytes. The 
encapsulated biologically active agents are schemati- 
cally represented as 50 . The erytiirocytes. now contain- 
ing biologically active agents, are tiien exposed to a 
concentrated saline solution. The exposure causes the 
cell membranes 12 to reseal, thereby capturing and 
encapsulating biologically active agents 50 within the 
cell. The resulting, so-called carrier RBC or carrier 
erytiirocyte 60 is then washed. 

One embodiment of apparatus for carrying out the 
method described above is shown schematically in FIG. 
2. In FIG. 2. a bag 100 preferably containing at least 50 
ml of blood (collected from a patient) is connected to a 
blood feed line 102. The blood is ti^nsferred. by a pump 
104 to a separation txDwl 106. preferably rotating at 
about 5600 rpm. Erythrocytes contained within tiie bowl 
106 are washed by a physiological saline solution (NaCI 
0.6%) provided by a physiological saline feed line 108. 
The physiological saline is preferak^ly supplied at a rate 
of about 150 ml/min. The washing procedure separates 
plasma and tiie otiier blood cells which are transferred 
to a waste collection bag 110. After washing, the eryth- 
rocytes are pumped from the separation bowl 106 to a 
transfer bag 112. About 400 ml of a first hypotonic solu- 
tion (6 volumes physiological saline and 4.5 volumes 
distilled water) are added to tiie transfer bag 1 12 via a 
first hypotonic solution feed line 1 14 and mixed with the 
erytiirocytes. The resulting suspension is tiien main- 
tained at room temperature for about 5-10 minutes 
under gentie agitation. At tiiis point the erythrocytes 
have become swollen (reference numeral 20 of FIG. 1), 
but they have not yet been lysed. A second hypotonic 
solution is then introduced into the transfer bag 1 12 via 
a second hypotonic solution feed line 116. The second 
hypotonic solution is preferably about 200 ml of a solu- 
tion having 6 volumes physiological saline and 8 vol- 
umes distilled water. It is at tiiis stage that hemolysis of 
tiie erythrocytes occurs. After about 1 5 minutes at room 
temperature, the resulting lysate is pumped through tiie 
hemof ilter 118. During the filtration process, clamps 
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120, 122. 124 and 126 are open, and clamps 128, 130. 
132, 134, 136. 138 and 140 are closed. To enhance the 
filtration process, an optional vacuum pump 142, draw- 
ing a vacuum of about -1 00 to about - 1 50 mmHg, may 
be employed. Hemolysate is collected In an ultrafiltrate 5 
reservoir 144 until the volume of the filtrate is in the 
range of about 170-190 ml. Once the desired vdume 
has been achieved, the concentrated erythrocytes are 
collected in the transfer bag 1 12. This is accomplished 
by closing clamp 124 and opening clamp 128. The bio- /o 
logically active substance is then introduced into the 
transfer bag 112, at which point it contacts and 
becomes encapsulated by the concentrated, lysed 
erythrocytes. After about 10-15 minutes of gentle agita- 
tion. 5 ml of PIGPA resealing solution is added to the 15 
transfer bag 112, and the bag is placed into a heater 
1 46 for about 30 min at about 37 *C. Upon conrpletion of 
the desired heating time, the transfer bag 112, now con- 
taining resealed erythrocytes, is reconnected, and the 
erythrocytes are pumped back into the separation bowl 
1 06. Once in the bowl, the erythrocytes are washed with 
about 2 liters of physiological saline (supplied at about 
150-200 mi/min) while tiie bowl is rotated at about 5600 
rpm. Finally, the washed, loaded erythrocytes are trans- 
ferred into tiie loaded erythrocyte bag 148. This is 25 
achieved by closing clamp 122 and opening damp 134 
while pumping the erythrocytes from the bowl at a rate 
of about 1 50 ml/min. The erythrocyte suspension is now 
ready for gravity infusion into a patient. As noted above, 
the patient may be either the patient who supplied the 30 
processed t^lood or another. 

In the case in which drug-loaded erythrocytes are 
to be processed for the induction of their rapid recogni- 
tion by macrophages, prior to pumping the loaded 
erythrocytes into bag 148, they are sut^jected to an 35 
additional washing step with a physiological saline solu- 
tion containing ImM ZnClg. Once contacted with ZnCl2, 
the erythrocytes are transferred to the transfer bag 112 
where they are contacted witii BS^ (1-1 .5 mM final con- 
centration). After abK>ut 15 min, the erythrocytes are 40 
again washed in the rotating separation element 106 
using approximately 1 liter of physiological saline. They 
are then transferred to tiie loaded erythrocyte bag 148, 
from where they may be infused into a patient 

If the loaded erythrocytes are to be stored longer 4S 
than about 12-24 hours prior to infusion, the final col- 
lecting bag should contain a preservative. One pre- 
ferred preservative is the CPD solution described 
above. Thus, approximately 10 ml of CPD solution may 
be provided in tiie final collecting bag. so 

The embodiment of FIGS. 1 and 2 is particularly 
prefenred for the preparation of autologous carrier RBCs 
from a small volume (less than 100 ml) of blood from an 
individual patient at room temperatures, I.e., without 
requiring any heating or cooling of whole blood or any of 55 
the cellular or molecular components of Wood. As used 
herein, "an individual patient" is not limited to humans 
and refers to any mammal to which carrier RBCs are 



desired to be administered. Furthermore, as used 
herein, "autologous carrier RBCs" refers to erythrocytes 
isolated from a given individual patient tiiat have been 
modified in vitro to encapsulate one or more biologically 
active agent(s) and which are intended to be re-intro- 
duced into tiie individual patient from which the erytiiro- 
cytes were originally isolated. There are many 
advantages to tiie use of autologous carrier RBCs to 
treat individual patients and, in particular. undesirat>l 
immune responses that might, for example, shorten the 
in vivo lifetime of tiie carrier RBCs are avoided by th 
use of erythrocytes derived from the individual patient 

Due to the higher concentration of added active 
agents in the carrier erythrocytes made by the method 
of the present invention, the carrier RBCs are not as 
rapidly depleted of such agents as tiiose made by previ- 
ously known methods. Moreover, due to the higher pro- 
portion of endogenous biological molecules that ar 
released from lysed RBCs but which, by tiie metiiod of 
tiie present invention, are nevertheless re-introduced at 
a high concentration into the camer RBCs, carrier eryth- 
rocytes made by the method of the present invention 
are not depleted for endogenous molecules needed for 
their long-term maintenance, as are carrier RBCs made 
by previously known methods. As a consequence, th 
carrier RBCs of the present invention possess an ability 
to persist and release active agents under physiological 
conditions for a longer period of time than previously 
described carrier RBCs. 

The carrier RBCs of tiie present invention ar 
administered via injection into a mammal in order to pro- 
vide the encapsulated biologically active agent(s) 
tiiereof to the mammal without further manipulation for 
an extended period of time. If systematic delivery is 
required, tiien the carrier RBCs are injected into the cir- 
culatory system of the mammal. Targeted delivery of the 
carrier RBCs is achieved by intramuscular injection in 
the region of Interest. 

In another embodiment of the invention, a "prodrug" 
(i.e., precursor to a biologically active agent) is incorpo- 
rated into carrier RBCs that are tiien injected into a 
mammal. For some prodrugs, endogenoi^ activating 
agents present in the blood of tiie mammal will convert 
tiie predrug into a biologically active agent at a slow buX 
steady rate. As an example, dexamethasone-21 -phos- 
phate (d-21P) may be encapsulated in carrier RBCs 
and. when tiie loaded RBCs are introduced Into the cir- 
culatory system of a mammal, the d-21 P is slowly con- 
verted into tiie chemotherapeutic drug dexamethasone. 
Because dexamethasone can cross the cell membrane 
of the carrier erythrocytes, (while d-21 P cannot), this 
process assures that the mammal is provided witii a 
constant level of the biologically active agent (in ttiis 
case dexamethasone), over some period of time. Alter- 
natively, for predrugs for which no endogenous activat- 
ing agents exist an activating agent can be added to the 
blood of the mammal at a desired point in time. The acti- 
vating agent enters the loaded erythrocytes and acti- 
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vates the predrug by. e.g., reacting with the prcxirug to 
form a biologically active agent, or by catalyzing a 
ch mical reaction that converts th predrug. In a related 
embodiment, the activating agent may be encapsulated 
into erythrocytes which are introduced into a patient fol- 5 
lowed by the subsequent inti-oduction of the predrug to 
the patient. 

Carrier RBCs made by the method of the present 
invention are used to deliver a therapeutically effective 
amount of the b'ologically active agent(s) encapsulated 10 
therein to an individual patient. The term "tiierapeuti- 
cally effective amount," for the purposes of the present 
invention, refers to the amount(s) of biologically active 
agent(s) effective to achieve an intended purpose. 
While individual needs vary, determination of optimal is 
ranges for therapeutically effective amounts of such 
agents is within the skill of the art. Generally, the dosage 
required to provide a therapeutically effective amount of 
the composition can be determined by one of ordinary 
skill in the art and will vary depending on the age. 20 
health, physical condition, weight, extent of disease of 
the individual, frequency of treatinent and the nature 
and scope of tine desired effect. Where appropriate, a 
therapeutically effective amount can be delivered via 
multiple administrations of carrier RBCs over an ap>pro- 25 
priate period of time. 

The carrier RBCs of the invention can be included 
in a pharmaceutical composition that also comprises 
additional substances, such as conventional exdpients. 
i.e., pharmaceutically acceptable organic or inorganic 30 
carrier substances suitable for administration to a mam- 
mal via injection which do not deleteriously react with 
the active compound. Suitable pharmaceutically 
acceptable carriers include, but are not limited to, water, 
salt solutions, polyethylene glycols, gelatin, etc. Addi- 3s 
tionally or alternatively, pharmaceutical preparations 
comprising the carrier RBCs of the invention can further 
comprise auxiliary agents, e.g.. lubricants, preserva- 
tives, stabilizers, wetting agents, emulsrfiers, salts for 
influencing osmotic pressure, buffers, and the like, 40 
which do not deleteriously react with the active com- 
pounds. Pharmaceutical compositions comprising the 
carrier RBCs of the irrvention may also optionally con- 
tain stabilizing agents. 

One example of a polypeptide that is suitable for 45 
use with the present invention is ubiquitin. a polypeptide 
having a molecular weight of 8,600 Daltons. Ubiquitin is 
known to mark proteins for subsequent proteolytic deg- 
radation. Typically, tine percentage of polypeptide that 
can be encapsulated into carrier erythrocytes (the so 
encapsulation yield) is about 30%. In such instances, 
about 40% to about 60% of the starting erythrocytes 
were recovered. 

One example of a predrug that is suitable for use 
with the present invention is d-21 R As with the polypep- ss 
tide, the percentage of d-21 P that can be encapsulated 
into carrier erythrocytes (the encapsulation yield) is 
about 30%. Again, about 40% to about 60% of tiie start- 



ing erythrocytes were recovered. 

In the case in which it is desired to obtain macro- 
phage-targeted carrier RBCs, the following steps may 
be employed. First, the reconstituted, (i.e., loaded), 
RBCs are washed with saline containing 1 mM ZnCl2. 
The ZnCl2 acts as a clustering agent by inducing clus- 
tering of the transmembrane proteins of the RBCs. 
Next, a solution containing 1 mM bissulfosuccinimidil- 
suberate (BS^) is added. BS^ acts as a cross-linking 
agent which causes protein clusters induced by ZnCl2 
to become inreversible even upon ZnCl2 removal. Th 
incubation witii BS^ is allowed to proceed for about 15 
minutes. The resulting cross-linked erythrocytes are 
then washed wrth saline and concentrated by conven- 
tional methods. 

Eouivalents 

Various modifications and alterations to this inven- 
tion will become apparent to tiiose skilled in the art with- 
out departing from the scope and spirit of this invention. 
It should be understood that this invention is not 
intended to be unduly limited by the illustrative embodi- 
ments and examples set fortii herein and that such 
examples and enr±KXliments are presented by way of 
example only with the scope of the invention intended to 
be limited only by tiie claims set forth herein as follows. 

Where technical features mentioned in any daim 
are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing 
the intelligibility of the claims and accordingly, such ref- 
erence signs do not have any limiting effect on the inter- 
pretation of each element identified by way of example 
by such reference signs. 

Claims 

1 . A method for encapsulating at least one biologically 
active agent within a erythrocyte sample compris- 
ing the steps of: 

a) providing a volume of erythrocytes; 

b) at least partially lysing the erylhrocytes; 

c) concentrating the at least partially lysed 
erytiirocytes; 

d) contacting the concentrated, at least par- 
tially lysed erythrocytes with one or more bio- 
logically active agents; and 

e) sealing tiie at least partially lysed erythro- 
cytes to thereby encapsulate the biologically 
active agents within at least a portion of the 
erytiirocytes. 

2. A method as in claim 1 , wherein the erythrocytes 
are swollen prior to the lysing step. 

3. A metiiod as in claim 1, wherein at least some of 
the erythrocytes are fully lysed. 



6 



: <EP 0882448A1 I > 



11 



EP 0 882 448 A1 



12 



4. A methcxi for encapsulating at least one biologically 
active agent within a erythrocyte sample compris- 
ing the steps of: 

a) exposing the erythrocytes to a first hypotonic 
solution to cause the erythrocytes to become 
swollen; 

b) exposing the erythrocytes to a second hypo- 
tonic solution to cause the erythrocytes to 
become at least partially lysed; 

c) concentrating the erythrocytes; 

d) contacting the concentrated, at least par- 
tially lysed erythrocytes with one or more bio- 
logically active agents; and 

e) exposing the at least partially lysed erythro- 
cytes to a sealing solution to thereby encapsu- 
late at least some of the biologically active 
agents within at least a portion of the erythro- 
cytes. 

5. A method as in daim 4 wherein the first hypotonic 
solution comprises about 6 volumes of a physiolog- 
ical saline and about 4.5 volumes of distilled, sterile 
H2O. 

6. A method as in claim 4 wherein the second hypot- 
onic solution comprises at^out 6 volumes of physio- 
logical saline and about 8 volumes of distilled, 
sterile H2O. 

7. A method as In claim 4 wherein the erythrocytes 
are concentrated using a hemofilter 

8. A method as in claim 4 wherein the one or more 
biologically active agents are selected from the 
group consisting of peptides, oligopeptides, 
polypeptides, proteins, hormones, corticosteroids, 
glucocorticoids, non-steroidal anti-inflammatory 
agents, glutathione, cytokines, toxins, oligonucle- 
otides and other nucleic acids, and nucleoside ana- 
logs. 

9. A method as in claim 4 wherein the one or more 
biologically active agertts are selected from the 
group consisting of dexamethasone-21 -phosphate, 
prednisolone-21 -phosphate, 6-mercaptopurine, 
azidothymidine, dideoxycytosine, and dideoxyinos- 
ine. 

1 0. A method as in claim 4 wherein the sealing solution 
comprises a Phosphate-lnosine-Glucose-Pyruvate- 
Adenine solution. 

1 1 . A method as in claim 1 0 wherein about 5 ml of seal- 
ing solution is used for each aliquot of about 70-80 
ml of at least partially lysed erythrocytes. 

12. A method as in claim 11 wherein, while contacted 



witii the sealing solution, tiie at least partially lysed 
erytiirocytes are incubated at about 37 '^C for about 
30 minutes. 

5 13, A metiiod as in claim 4, wherein at least some of 
tiie erythrocytes are fully lysed when contacted with 
the second hypotonic solution. 

14. A method for encapsulating at least one biologically 
10 active agent within a erythrocyte sample compris- 
ing tiie steps of: 

a) providing a sample of erythrocytes from a 
donor; 

15 b) suspending the erythrocytes in a first hypot- 

onic solution to cause the erythrocytes to 
become swollen, the erythrocytes being 
present in tiie first hypotonic solution at a con- 
centration of about 0.04 to about 0.05 ml eryth- 

20 rocytes per ml solution, 

c) suspending the erythrocytes to a second 
hypotonic solution having an osmolality that Is 
atx>ut 30 to about 60 mOsm less than that of 
the first solution, to cause the erythrocytes to 

25 become at least partially lysed; 

d) concentrating the resulting suspension s 
that the resulting volume of erytiirocytes is 
about 0.01 to about 0.067 times that of the vol- 
ume of the first hypotonic solution; 

30 e) contacting the concentrated, at least par- 

tially lysed, erythrocytes with one or more bio- 
logically active agents; and 
f) exposing the at least partially lysed erythro- 
cytes to a sealing solution to thereby encapsu- 

35 late at least some of the biologically active 

agents within at least a portion of the erythro- 
cytes, the sealing solution comprising a con- 
centrated saline solution having a 
concentration such that the osmolality of the 

40 resulting solution is brought to about 1.9 to 

about 2.1 times that of the first hypotonic solu- 
tion. 

15. A method as in claim 14, wherein the erythrocyt 
45 suspension is concentrated using a hemofilter. 

16. A method as in claim 14, wherein the one or more 
biologically active agents are selected from tiie 
group consisting of peptides, oligopeptides, 

50 polypeptides, proteins, hormones, corticosteroids, 
glucocorticoids, non-steroidal anti-inflammatory 
agents, glutathione, cytokines, toxins, oligonucle- 
otides and otiier nucleic acids, and nucleoside ana- 
logs. 

55 

17. A method as in claim 14, wherein the one or more 
biologically active agents are selected from the 
group consisting of dexamethasone-21 -phosphate. 
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prednisolone-21 -phosphate, 6-mercaptopurine, 
azidothymidine, dideoxycytosine. and dideoxyinos- 
ine. 

18- A method as in claim 14, which further comprises 5 
the step of treating the erythrocytes encapsulating 
at least one biologically active agent with a target- 
ing agent such that the treated erythrocytes are 
preferentially directed to a specific tissue or cell 
type. 10 

19. A method as in claim 18, wherein the targeting 
agent is ZnGl2 and bissulfosuccinimidilsuberate, 
and the treated erythrocytes are preferentially 
directed to macrophages. is 

20. Carrier erythrocytes made by the method of any 
one of claims 1-19. 

21. A pharmaceutical composition containing erythro- 20 
cytes encapsulating at least one biologically active 
agent, made by the method of any one of claims 1- 

19. 

22. An apparatus for carrying out the method of any 25 
one of claims 1-19. 

23. An apparatus as in claim 22, wherein concentration 
of the at least partially lysed erythrocytes is 
achieved using a hemofilter. 30 



35 



40 



45 
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